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Feedback and the Ideal Op-Amp (1) 



The signal fed back will be in opposition to e^, SO forcing the difforential input 
voltage tov\/ards zero. 

Summing 



^a) 




Tv\«o basic feedback circuits; (a) inverting amplifier; (b) Non-inverting amplifier 
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Feedback and the Ideal Op-Amp (2) 



Tv\io Important Rules: 



1. When negative feedback is applied to the ideal amplifier, the 
differential input voltage is zero. 



2. No current flows into either input terminal of the ideal 
amplifier. 



^^ Lectures Dr. Eng: Saitieli Shaaban 



^Sn\ 



aD-Bf^La 



-^^ Chester a ^9ial Conditiani]^ 22 Maixii 200B 



(Qinnil^dDfligl ildilgOUFdlilfO^fnl^i:^ 11:54:58PM Slide Nr. 3 oflS Slides 



The Ideal Op-Amp at Work 



G It is important to distinguish beihAieen the voltage gain of the circuit 
and the open-loop voltage gain of the op-amp: 



G The open-loop voltage gain A of the op-amp is the voltage gain from the 
two op-amp inputs to the op-amp output 



□ Voltage gain is the gain of the whole circuit (including the Op-Amp). 
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Inverting Amplifier 



e^=0 
eA=eB=0 

R^ R^ 

(eg - eo) _ (0- eo) 



L = 



. ^ 



R 



R 



'O 



Ri R2 
Gain=^ = - 



e. R2 



e^ R] 



SuiTinning 



(a) 




1^ 
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Non-Inverting Amplifier 
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Currerit-tD-Voltage Converter 



lin=l. 



And 



e =-l R 

o in f 



Feedback forces 
the potential of 
this point to 
zero 



f - 'in 





eo=-lin Rf 









Lectures 
Chester 8: ^^lal Conditiorniig 



Dr. Eng: Samel:! Shaaban 
22]V|aExii200B 



m^^ Mm§mi 



aMhn] a' 



11:54:58 PM 



Slide Nr. 7 of 15 Slides 



Summing Amplifier 



If = ii +I2 + 13 




I3 If = I1 + b + I3 
t *- n 



So = [li + h + 'alRf 



(a) 




62+62+63 

Rl ^2 f^3 



tb) T^ 
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Voltage-tD-Current Converter 



In maintaining its differential 
input voltage at zero, ttie 
amplifier shown in ttie circuit 
forces a current I to flov\/ 
through the load in the 
feedback path. The value of 
this current is independent 
of the nature or size of the 
load. 




U §iaUL[jU 






Lectures 
Chester 8: ^^lal Conditiorniig 



Dr. Eng: Samel:! Shaaban 
22]V|aExii200B 



i^DraddirDm^ idiigouFdiiifOdmG: 



11:54:58 PM 



Slide Nr. 9 of 15 Slides 



Petfect Buffer (Voltage Follovwer) 



the amplifier output voltage 
must take on a value equal 
to the input voltage in 
order to force the 
differential input signal to 
zero. The ideal circuit has 
infinite input impedance, 
zero output impedance and 
unity gain, and acts as an 
ideal buffer stage. 



t 

61 
I 




So =©1 



U §iaUL[jU 
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SutDtractor 
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For: Rf =R ,R =R, 



V =v_-v 

r p CI 
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Integrator 



u = \ 




="A I '- 



dt 



1^ 
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DiffereritiatDr 



©in 




Go = - CR ^^in 



dt 



idea 
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Limitations of the ideal Op-Amp Concept 

Real op-amps have characteristics tiiat approach tiiose of an 
ideal op-amp, but do not quite attain tiiem: 

1. They have an open-loop gain, which is vety large (in tiie region of 10^) 
but not infinite. 

2. They have a large, but finite, input impedance. 

3. They draw small currents attiieir input terminals (bias currents). 

4. They require a small differential input voltage to give zero output 
voltage (the input offset voltage). T 

5. They do not completely reject common mode signals (finite common 
mode rejection ratio, or CMRR). Common mode rejection describes 
the ability of the amplifier to reject equal-magnitude signals that 
appear on both of its inputs. 
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Op-amp Packages 



General purpose 
Op Amp ----.....^^^^^^^ 

e.g. ^^ 

741 or LF 356N 
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Two Most Common 741 Types , j j 

offset null 3 I 
offset null 1 i ^^ h S nia inir, 
inv, input 2 I — f^v I 7 V* non-inv_ input 5 I — 1^ Hi 10 output 
non-inv. input 3 l-i_|^^>^l C output V- G I | 3 offset null 

¥- 4 I I 5 offset null nfa 7 I I S nia 



I 14 Ufa 
I 13 Ufa 
112 nfa 



input 4 "-"i^ I " V* 
input 5 I — \y^\ 10 oil 



8-Pin 



Fig. 6 



14-Pin 



Power supply 
common line 
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